Abstract A survey of primary schools in England found that girls outperform boys in English across all phases (Ofsted in Moving English forward. Ofsted, Manchester, 2012). The gender gap remains an on-going issue in England, especially for reading attainment. This paper presents evidence of gender differences in learning to read that emerged during the development of a reading scheme for 4-and 5-year-old children in which 372 children from Reception classes in sixteen schools participated in 12-month trials. There were three arms per trial: Intervention non-PD (non-phonically decodable text with mixed methods teaching); Intervention PD (phonically decodable text with mixed methods teaching); and a 'business as usual' control condition SP (synthetic phonics and decodable text). Assignment to Intervention condition was randomised. Standardised measures of word reading and comprehension were used. The research provides statistically significant evidence suggesting that boys learn more easily using a mix of whole-word and synthetic phonics approaches. In addition, the evidence indicates that boys learn to read more easily using the natural-style language of 'real' books including vocabulary which goes beyond their assumed decoding ability. At post-test, boys using the nonphonically decodable text with mixed methods (Intervention A) were 8 months ahead in reading comprehension compared to boys using a wholly synthetic phonics approach.
2 3
Your article is published under the Creative Commons Attribution license which allows users to read, copy, distribute and make derivative works, as long as the author of the original work is cited. You may selfarchive this article on your own website, an institutional repository or funder's repository and make it publicly available immediately.
Introduction
There is consistent evidence reported in international research that girls outperform boys on measures of reading in all age-groups. In 2008, a study of 15-year olds, in 31 countries worldwide, revealed a gender gap in reading, favouring girls, in all the participating countries (Marks 2008) . In the US, this gender gap in reading has been recognised since the 1960s. It is evident as early as first grade and particularly amongst struggling readers (Chatterji 2006; DfES 2009; Robinson and Lubienski 2011) . The higher ratio of boys to girls amongst the weakest readers has been found in large-scale assessments internationally (Baye and Monseur 2016; Limbrick et al. 2010 ) and in England (Rutter et al. 2004; Snowling and Hulme 2012) . In this paper, we present first some of the evidence in the literature relating to the gender gap in reading, followed by evidence that there are gender differences in preferences for learning strategies and prior research related to gender and synthetic phonics. We then present the results of the research, analysed according to gender, and discuss the findings as they relate to the synthetic phonics teaching approach that is currently used in schools in England.
According to an Ofsted report published in England in 2012, there was a nine percent difference between girls and boys in reading on the Early Years Foundation Stage Profile (age 5) and an eight percent difference still at the end of Key Stage 2 (age 11) (Ofsted 2012) . The phonics screening check, introduced in England in 2012, has shown girls' scores approximately eight percent ahead of boys' scores year on year. Currently boys as a group have lower scores for the phonics screening check at age six and generally girls outperform boys in reading at this age (National Literacy Trust 2012; Ofsted 2012; Walker et al. 2014) . Girls in England have been reported to outperform boys on tests of reading comprehension and boys outnumber girls as struggling readers (DfE 2013 (DfE , 2014b Logan and Johnston 2010; National Literacy Trust 2012) . According to data analysed by the National Literacy Trust (2012), girls of this age enjoy reading more than boys and spend more time reading. There is some evidence that more boys than girls from lower SES backgrounds are vulnerable to failure in reading (Jerrim 2013; Nuttall and Doherty 2014) . The authors of one report (Nuttall and Doherty 2014) , make no mention of any girls in their sample of poor readers from low SES and it is clear that the school from which this report derives were using synthetic phonics as a teaching approach.
There is accumulating evidence in the literature indicating that the gender gap in reading may be associated with differences in the way children approach learning to read. These differences are described in brief below and include learning preferences and differences in memory and information processing.
Gender differences in memory have been found which suggest that boys outperform girls on spatial memory tasks such as abstract visual memory, and girls outperform boys on verbal memory tasks such as digit and object recall (Wei et al. 2012) . Boys have been found to perform higher than girls at recalling new words when using captions in combination with narration on television: boys scored higher when there were captions in addition to narration and girls scored higher with narration and no captions (Linebarger 2001 ). Gender differences have been found in the strategy used in working memory depending on the relative strengths of visuospatial working memory and verbal working memory. There is also evidence to suggest that boys and girls solve problems differently, that boys outperform girls on mental orientation of visual images and that boys prefer visual approaches to learning (Goldstein et al. 2005; Lawton and Hatcher 2005; Lowe et al. 2003; Sagrilo 2013) . Children whose visuospatial working memory is dominant are thought to be more likely to use holistic strategies and these are more likely to be boys; children whose verbal working memory is dominant are more likely to use analytic strategies and these are more likely to be girls (Wang and Carr 2014) . Synthetic phonics is very much a step-by-step analysis of words rather than a holistic use of whole words or even whole sentences and thus possibly more suited to children using analytic strategies, who are more likely to be girls. Logan and Johnston (2010) have suggested that boys are not naturally inclined to link phonological and visual information and thus the explicit teaching of this via synthetic phonics may be of benefit. Other research has reported that significantly more girls than boys prefer to use a phonics approach as a strategy to reading unfamiliar words (Beech 2010) . The implication here is that boys on the whole show a preference for other learning strategies. Researchers looking at the development of navigational skills, requiring more visuospatial ability than verbal, in 6-to 8-year-old children, found that boys out performed girls (Leon et al. 2014) . The authors speculate that this difference is caused by differences in hormones which result in dimorphic development of brain structure.
Additionally, gender differences in reading interests suggest that girls are more likely to perform well in passage comprehension of text regardless of content, whereas boys are more likely both to exert themselves and perform better in comprehension if the passage is meaningful to them (Logan and Johnston 2009; McGeown et al. 2015; Oakhill and Petrides 2007) . The instructional texts associated with a synthetic phonics approach to teaching reading, often referred to as basal readers, contain a restricted vocabulary which may lead to a lack of authenticity and meaning, with less motivational content for boys (Coles 2004; Hassett 2008; Shannon 2001) .
A systematic review of research conducted by Torgerson et al. (2006) found no clear evidence to indicate that the use of phonics teaching affected the gender gap. A study conducted in Clackmannanshire, Scotland (Johnston and Watson 2005) found that synthetic phonics benefitted boys' progress. However, this was only for word decoding and made no impact on reading comprehension. The results from our research presented below, suggest that gender and teaching approach interact most significantly for reading comprehension in young children and that synthetic phonics alone results in lower comprehension scores, particularly for boys.
Theoretical Framework
There is consensus in the literature that there is a gender gap in reading skills. Two possible theoretical constructs for the gender gap in reading have been presented in brief above. The first is the suggestion that there are gender differences in learning strategy. Differences in reading strategies and response to different teaching approaches between boys and girls were observed in our research. It became apparent that girls were using synthetic-phonics strategies more than boys, and that boys were recognising irregular words as whole words more easily than girls. Thus, one of the aims of the research project was to compare word-reading and comprehension outcomes between children taught using a wholly synthetic phonics approach according to the National Curriculum in England (DfE 2013) and children taught using a mix of other approaches in addition to synthetic phonics. We compared boys and girls separately in these two conditions.
The second theoretical construct is that boys rely more on the meaning of text and that there is a motivational element to this. The restricted vocabulary used in basal readers, in which the language is less familiar than in authentic text, may influence comprehension of text. It has been suggested that simplified text is not necessarily easier to understand and that more natural text, even in complex sentences, may be easier to understand (Baumann et al. 2007; Clark 2014) . To compare the use of the kind of phonically decodable vocabulary used in basal readers with more naturalistic non-phonically decodable vocabulary, two parallel sets of reading texts and teaching resources were deployed in order to compare boys and girls in these two conditions.
Sample
The children participating in these studies were from sixteen mainstream state schools from two counties, with a balanced mix of rural and urban schools. All participating children were in either their first or third term of a Reception class on starting the project at pre-test, starting school in the September of 2013. At pre-test the total sample size was three hundred and seventy-two, which was estimated to have 80 % power to detect a minimum effect size of 0.20. There were small (not statistically significant) numbers of children with English as an additional language in all of the participating schools. Schools in all three sudies were mainstream state schools that would normally follow the National Curriculum (DfE 2013). None of the participating schools had been deemed unsatisfactory by Ofsted. Children in all participating classes (both Control and Intervention) were to continue with their normal curriculum, using statutory synthetic phonics.
Methods
The study design was a three-armed controlled trial:
• Arm 1: Intervention non-PD (non-phonically decodable vocabulary with mixed teaching methods) • Arm 2: Intervention PD (phonically decodable vocabulary with mixed teaching methods)
• Arm 3: SP (exclusively synthetic phonics teaching and decodable vocabulary)
A control condition (the SP condition equated to 'business as usual') was used to account for temporal changes and regression to the mean effects (Torgerson and Torgerson 2008) . Interventions non-PD and PD were randomised to condition to control for selection bias and to ensure internal validity. Randomisation of allocation was assigned independently at the Institute for Effective Education, University of York, by the data manager. All children were assessed at both pre-test and post-test. Trials lasted for approximately 1 year.
Measures used for this analysis were: the British Picture Vocabulary Scale (BPVS) (Dunn et al. 2009) , and from the York Assessment of Reading for Comprehension (YARC), Letter Sound Knowledge (LSK), Early Word Reading (EWR) and Passage Reading Comprehension (PRC) (Snowling et al. 2009 ). Passage Reading Comprehension was only assessed post-test due to the likelihood of floor effects. Many of the children in this study would have had insufficient word recognition skills at pre-test for this measure, and therefore true differences may not have been observed.
Children in the Intervention schools were taught reading strategies using an eclectic (mixed methods) approach in addition to their synthetic phonics. This was compared to a synthetic-phonics only approach in the Control schools. Teachers were provided with a manual that included detailed lesson plans and guidance for the use of the resources. All the learning materials and books were provided to the schools in advance. Teachers received initial training in the use of the Reading Programme at pre-test to reduce risk of variation (Morris et al. 2000; Tracey et al. 2014 ), but follow-up support varied for each Study.
Mixed Methods Learning Activities
With the exception of the introductory and plenary sessions, all activities were designed for group work. This decision was based on strong support in the literature (Abrami et al. 2000; Hatcher et al. 2006; Pickett 1998; Siraj-Blatchford 2009; Slavin et al. 2009; Tracey et al. 2014) . Learning through play was a chosen focus throughout, based on the seminal work of Vygotsky (1978) and endorsed by many others in the field (Burnett 2007; Pickett 1998; Stephen 2010; Sylva 1984; Willam 2009 ). The majority of activities were adaptations of traditional games, and in addition, new games were developed specifically for this research.
A number of activities were designed to extend oral vocabulary (Baumann et al. 2007; Clarke et al. 2010; Fricke et al. 2012; Protopapas et al. 2013) , which has been found to aid word recognition for words with inconsistent spellings (Hay and Fielding-Barnsley 2009; McGeown and Medford 2014; Ricketts et al. 2007 ). Increasing oral vocabulary also supports the development of background knowledge used for inference generation needed for comprehension (Clarke 2009; Compton et al. 2014; Garner and Bochna 2004; Graesser et al. 1994 
The Instructional Reading Texts
Two parallel reading schemes were used (Text PD and Text non-PD). Text PD contained only words which should be phonically decodable by children in Reception classes who are following the structured sequence of phonic sounds as set out in the National Curriculum (DfE 2014a, b). Text non-PD was designed to replicate the kind of language used in 'real' books, with no restrictions in the choice of vocabulary other than being age appropriate and congruent with Text PD. Both texts used repetition and introduced the same number of words per book, having the same length of sentences, and the same number of pages as well as having identical illustrations. These criteria have been used in similar analyses of reading texts (Jenkins et al. 2004; Mesmer 2009 ).
Results
The outcomes reported are the mean scores using standardised measures (the British Picture Vocabulary Scale, Letter Sound Knowledge, Early Word Reading and Passage Reading Comprehension). Intention-to-treat analysis was used; however, data from individuals for whom no post-test data were available, having been lost to follow up, were excluded from the analyses and considered to be missing at random. For each of the measures, independent samples t tests were carried out on the data and effect sizes calculated (Cohen's d) and reported in terms of months reading progress (Higgins et al. 2013) . Standard scores are reported throughout to control for age and are detailed in Tables 1, 2 , 3 and 4.
The gender balance was different in all three arms, with the Control group having 6 % more girls, Intervention PD having equal percentages, and Intervention non-PD having 16 % more boys.
For the British Picture Vocabulary Scale measure (see Table 1 ), there was little change in the gender gap over time for the SP condition, with a significant difference between girls and boys at both times, girls scoring approximately 7 months ahead of boys at both times. There were also no changes in either of the Intervention arms, suggesting that there was no effect from the Intervention for this measure.
For Letter Sound Knowledge (see Table 2 ), the gender gap narrowed slightly for the SP condition, but more so for Intervention non-PD. Boys in Intervention non-PD made greater gains than any other group and boys in Intervention PD made the least progress. For girls, there was little difference in pre-post effect sizes. Between non-PD and PD this was d = 0.04; between PD and SP d = 0.01; and between non-PD and SP d = 0.05. There were greater differences for boys. Between non-PD and PD this was d = 0.61 (7 months); between PD and SP d = 0.30 (4 months in favour of the SP group); and between non-PD and SP d = 0.31 (4 months). For this measure Intervention non-PD appears to have had a positive impact on mean scores for boys.
For Early Word Reading (see Table 3 ) the gender gap widened for all arms of the trial, with both boys and girls in Intervention non-PD making greater gains than either of the other two arms of the trial. For girls, there were greater differences in pre-post effect sizes between the trial arms for this measure compared to the other measures. Between non-PD and PD this was d = 0.23 (3 months); between PD and SP d = 0.06; and between non-PD and SP d = 0.29 (4 months). For boys, the differences were similar to the girls. Between non-PD and PD this was d = 0.21 (3 months); between PD and SP d = 0.08; and between non-PD and SP d = 0.29 (4 months). For this measure Intervention non-PD appears to have had a positive impact on mean scores for girls and boys.
For the Passage Reading Comprehension measure (see Table 4 ), which was only assessed at post-intervention, there was both a statistically significant difference in the SP condition between boys and girls (p = .032) and an effect size of d = 0.41 (5 months difference). For Intervention PD, the difference was not statistically significant but there was an effect size of d = 0.43 (5 months difference). Intervention non-PD had the narrowest gender gap, with an effect size of d = 0.11, equivalent to less than 2 months difference. For girls, the difference in pre-post effect sizes between trial arms was less than for boys. Between non-PD and PD this was d = 0.16 (2 months); between PD and SP d = 0.20 (3 months); and between non-PD and SP d = 0.35 (4 months). For boys, the difference between trial arms was greatest for this measure. Between non-PD and PD this was d = 0.46 (6 months); between PD and SP d = 0.26 (3 months); and between non-PD and SPl d = 0.68 (8 months). For this measure, Intervention non-PD had the greatest positive impact on mean scores for boys.
Taken together, the results suggest that boys in Intervention non-PD have made more progress than boys in either of the other arms across all three trials for Letter Sound Knowledge, Early Word Reading and Passage Reading Comprehension.
At post-test, girls scored higher than boys for all measures in all arms of the trial. Intervention non-PD, which had a larger number of boys, nevertheless showed higher mean scores than the other arms of the trial on Letter Sound Knowledge, Early Word Reading and Passage Reading Comprehension. In addition, boys in Intervention non-PD had higher mean scores than boys in the other arms on these three measures. These results suggest that the use of non-phonically decodable vocabulary with mixed teaching methods had a positive impact on these measures for all children and particularly for boys. Results also suggest a positive effect for boys from using the mixed methods teaching in the Intervention in respect of their Early Word 
Discussion
The results reported here show no effect of the Intervention on the gender gap for the British Picture Vocabulary Scale. For Letter Sound Knowledge there was a narrowing of the gender gap (boys catching up with girls) in Intervention non-PD. For Early Word Reading the gender gap increased for children in Intervention non-PD and PD, although boys in both arms nevertheless outperformed boys in the SP condition. For Passage Reading Comprehension the gender gap was similar between Intervention PD and the SP condition and smallest in Intervention non-PD. Overall, girls in this study seem to have benefitted most from the use of non-decodable vocabulary, and boys seem to have benefitted from both the mixed teaching methods and the non-decodable vocabulary used. There was a positive impact from the use of non-decodable vocabulary and mixed teaching methods in addition to synthetic phonics on both word decoding and reading comprehension.
Within the Synthetic Phonics condition, the gender gap (girls doing better than boys) was observed for all the measures used. By contrast, the results presented here indicate that a narrower gender gap is associated with a mixed approach to teaching methods, and with the use of more complex vocabulary which goes beyond a child's current decoding ability. This was particularly noticeable for reading comprehension. This research shows that Reception-age children and boys in particular, make more progress in reading through the use of a more eclectic approach to the teaching of reading than is currently being advocated in schools. There was no evidence in any of these studies that children were confused by using more than one strategy to read. The preference of girls to sound out words, as observed by others (Beech 2010) , was also observed during assessments in these trials, as was the preference for boys to use a whole-word strategy.
In conclusion, synthetic phonics clearly has a place in the classroom but this should not be the sole approach to teaching reading to all children and boys in particular. Instead a more balanced approach should be taken whereby children are taught additional strategies including the use of whole-word and more visual techniques. Perhaps more importantly, the instructional texts young children are given to read should reflect the more natural language of 'real' books.
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